Aims-To clarify the role of human papillomavirus (HPV) infection in the development of papilloma, dysplasia, squamous cell carcinoma, and basal cell epithelioma arising from the eyelids, including the tunica conjunctiva palpebrum (conjunctiva), its junction to epidemis of eyelid skin (junction), and eyelid skin. Methods-Sixteen cases ofpapilloma, four of dysplasia, four of squamous cell carcinoma, and 12 of basal cell epithelioma were examined using formalin fixed and paraffin embedded samples. Detection of HPV-DNA was performed by PCR-RFLP and in situ hybridisation (ISH) methods. Results-HPV-16 was detected in 12/16 papillomas (75%), 2/4 dysplasias (50%), and 114 squamous cell carcinomas (25%) but in none of the basal cell epitheliomas. No other HPV subtypes were found. ISH assay showed positive signals in only two cases ofdysplasia and squamous cell carcinoma. The mean age ofHPV-16 positive dysplasia and squamous cell carcinoma cases (81.7 years) was significantly higher than that of HPV-16 positive papilloma cases (p<0.01).
pillomas (75%), 2/4 dysplasias (50%), and 114 squamous cell carcinomas (25%) but in none of the basal cell epitheliomas. No other HPV subtypes were found. ISH assay showed positive signals in only two cases ofdysplasia and squamous cell carcinoma. The mean age ofHPV-16 positive dysplasia and squamous cell carcinoma cases (81.7 years) was significantly higher than that of HPV-16 positive papilloma cases (p<0.01).
Conclusions-Based on the presence of HPV-16 in both benign and malignant lesions and the age distribution, it seems likely that HPV-16 alone may be incapable of causing development of conjunctival and junctional dysplasia and squamous cell carcinoma, and that any correlation between the papilloma-squamous cell carcinoma sequence and HPV infection may be due to rare events. Earlier studies have implicated HPV infection in the pathogenesis of conjunctival papillomas because of the frequent finding of koilocytotic features in these lesions. More recently, the presence of HPV capsid antigens and DNA sequence has been documented in conjunctival neoplasms, including papillomas, dysplasia, and squamous cell carcinomas.89 However, no detailed examination of the correlation between HPV infection and benign and malignant lesions originating from the eyelid area has so far been described.
In the present study, to clarify the exact role of HPV infection in tumour development, papillomas, basal cell epitheliomas, dysplasia, and squamous cell carcinomas arising from eyelids-including the tunica conjunctiva palpebrum, its junction between the conjunctival mucosa and the epidermis of eyelid skin, and the eyelid skin itself-were examined using molecular biological and clinicopathological methods.
Methods

CASE SELECTION AND DNA EXTRACTION
Sixteen cases of papilloma, 12 of basal cell epithelioma, four of dysplasia, and four of squamous cell carcinomas surgically removed from the eyelid area, including the tunica conjunctiva palpebrum (conjunctiva), its junction to eyelids epidermis (junction), and the eyelid skin, were selected from patient files of the Kitasato university hospital for the years 1979 to 1994. All resected samples had been fixed in 10% formalin and embedded in paraffin.
DNA The histopathological features of koilocytosis, which is characterised by hyperchromatism and crenation of the nuclei with perinuclear clearing of the cytoplasm, were found in only six HPV-16-positive junctional papilloma cases, and thin parakeratotic changes in proliferating squamous epithelium were noted in six of the 12 HPV-DNA-positive papilloma cases (two from the conjunctiva and four from the junction) (fig 3) . All cases of HPV-DNA-negative papillomas showed hyperkeratotic figures but there was no koilocytosis. Of the four squamous cell carcinoma cases, the HPV-DNA-positive lesion was well differentiated, and the three negative cases were moderately or poorly differentiated. 
Discussion
The eyelid is anatomically composed of the tunica conjunctiva palpebrum, its junction to the eyelid epidermis, and the eyelid skin itself. It is known that conjunctival papillomas frequently contain goblet cells-usually showing a tendency to epidermidalisation and keratinisation of moderate degree-and that papillomatous eyelid skin consists of hyperplastic squamous epithelium, which shows acanthosis, parakeratosis, and hyperkeratosis. In the present study, HPV-16-positive junctional papilloma cases showed koilocytotic and thin parakeratotic features, while HPV-1 6-negative cases showed hyperkeratotic figures without koilocytosis. Considering that HPV-16 is capable of infecting the conjunctival mucosa, it 'onj con-adults. In the present PCR-RFLP assay study, vell differ-HPV-16 was detected in conjunctival and junc-.mous cell tional papillomas, but not HPV6/1 1. The PCR assay is able to detect even a single copy oftarget DNA, although there are serious problems with e range possible contamination. To avoid false positive and for or negative results, we conducted PCR as a n 51 3), replicate or triplicate assay, also providing sevhe ages eral negative controls. The RFLP assay applied isia and in this study is very reliable for determination From 49 of HPV subtyping, since the various restriction age of enzyme sites in amplified specific HPV DNA ous cell L1 region sequences clearly differ with the HPV ficantly subtype. Therefore, it seems possible that HPV-:ive pa-16 is causally related to conjunctival pamale to pillomas. The discrepancy between this and previous studies may be due to the age of cases investigated, since half of the HPV-1 6-positive papilloma cases in this study were older than 40 years.
In order to detect HPV signals by in situ hybridisation using radioactive DNA probes, it has been estimated that about 50 to 100 viral copies per cell are required.'6 False negative reactions could therefore be caused by low levels of viral replication, as well as inappropriate tissue fixation and processing. This would explain the discrepant results between polymerase chain reaction and in situ hybridisation assays in this study, since the PCR-RFLP technique is more sensitive.
It has been suggested that HPV alone cannot completely transform primary human keratinocytes or other cells, '7 has suggested that HPV may act as a promoterlike agent in synergism with carcinogenic initiators such as cigarette smoke or herpes simplex virus in the development of cervical neoplasia.
The oncogenic role of HPV in conjunctival neoplasms has been recently discussed.
McDonnell et al,20 using polymerase chain reaction and dot blot hybridisation methods, showed that HPV16 was present in 37 out of 42 conjunctival epithelial lesions (88-1%), including mild to severe dysplasias and invasive carcinomas, suggesting that the interaction of HPV with ultraviolet light or some other element plays an important role in the development of neoplasia at this site. In addition, Wilson and Ostleri9 stated that conjunctival papilloma can be divided into two groups, infected and non-infected, the non-infected papillomas-probably related to ultraviolet light exposure-being capable of undergoing malignant transformation. Recently, Ateenyi- Agaba22 indicated that the combination of human immunodeficiency virus (HIV) induced immunosuppression, HPV infection, and intense exposure to ultraviolet light may accelerate the development of squamous cell carcinoma. Our results show that HPV-16 infection is associated with dysplasia and squamous cell carcinoma but not basal cell epithelioma. In addition, most of the dysplasia and squamous cell carcinoma cases were older than 70 years, with a mean age greater than that ofHPV-1 6-positive papilloma cases. Based on the presence of HPV-1 6 in both benign and malignant lesions and its age distribution, it seems likely that HPV-16 alone may be incapable of inducing conjunctival and junctional dysplasia and squamous cell carcinoma, and that any correlation between the papillomasquamous cell carcinoma transition and HPV infection may be due to rare events. Further studies are indicated to explore the relation between HPV-16 infection and other carcinogenic agents in the development of conjunctival and junctional dysplasia and
